OBJECTIVE: The aim of the study was to examine several tumor markers and their correlation with pathohistological findings in patients with adnexal masses. METHODS: Study involved 139 patients, 84 of them with benign, 47 with malignant and 8 with borderline adnexal tumor. Levels of CA 125, CA 19-9, CEA and CA 15-3 were obtained preoperatively and assessed regarding the specific pathohistological diagnose and the patient's age. Obtaining these results led us to divide the patient's CA 125 levels with age and by doing that we have attained a new Tumor Marker Age score (TMA score). Results: Patients with malignant adnexal tumors had significantly higher levels of CEA (p<0.05), CA 125, CA 19-9 and CA 15-3 tumor markers (p<0.01), in comparison with patients with benign tumors. TMA score highly statistically correlate with the tumor type (benignant/malignant). CONCLUSIONS: With the increase of tumor marker levels and the patient's age the malignant nature of adnexal tumors is more often. Results of our study highlight the importance of the use of combined tumor markers (at least CA-125 and CA 19-9) in women with adnexal masses. Those levels along with the patient's age and new TMA score could preoperatively predict malignant nature of the tumor.
Introduction of new Tumor Marker Age Score in clinical practice: Validity evaluation for differentiation benign from malignant adnexal masses After surgery, pathohistological findings of tumors were analyzed in order to determine the final diagnosis and stage of disease. Obtained tumor marker levels were assessed regarding the specific pathohistological diagnose and the patient's age. Achieving these results led us to divide the patient's Ca 125 levels with age and by doing that we have attained a new Tumor Marker Age score (TMA score).
We have also validated new Tumor Marker Age score (TMA) score: TMA score = CA 125 level (IU/L)/patients age (years). For statistical analysis standard methods of data description (the mean value and the measures of variability) as well as tests for evaluation of the data correlation and differences significance were used. Sensitivity ((true positive/true positive+false negative) x 100), specificity ((true negative/true negative+false positive) x100), positive ((true positive/true positive+false positive) x100) and negative ((true negative/true negative+false negative) x100) predictive values were calculated for each of the examined markers.
The Receiver Operator Characteristic (ROC) curves were drawn and the trash hold analysis was performed. For data analysis SPSS software (SPSS 15.0, Chicago, IL) was used and p < 0.05 was considered statistically significant.
RESULTS
Study involved 139 patients, 84 of them (60.43%) with benign, 47 (33.81%) with malignant and eight (5.76%) with borderline adnexal tumors. The average age of investigated women who had malignant tumors was 58 years (57.8+16.6), while in the group of women who had benign tumors average age was 31 years (30.9+6.4). Patients with malignant adnexal tumors were highly significantly older than those who had benign tumors (t=13.258; df=129; p=0.000; p<0.01).
Correlation of age and CEA levels was not significant (t=0.046; p=0.600; p>0.05). On the other hand, correlation of patients age in total and levels of CA 125, CA 19-9 and CA 15-3 was highly significant (p<0.01). Moreover, age of the patients with benign tumors was positively and highly significantly correlated with CA 125 levels (t=0.352; p=0.001; p<0.01). The average age for patients with border line tumors was 36 years.
Three of those eight patients had an atypically proliferating mucinous borderline tumor and five had the atypically proliferating serous borderline tumor. However, all investigated tumor markers were within a normal range in all eight borderline tumor patients and therefore, no further analysis was performed in these patients. On Table 1 descriptive statistical parameters for tumor marker levels in patients with malignant, borderline and benign tumors are shown. Patients with malignant adnexal tumors had significantly higher levels CEA (p<0.05), and highly significantly (p<0.01) higher levels of tumor markers CA 125 (W=3667.0; Z=9.008; p=0.000), CA 19-9 (t=8.146; df=129; p=0.000) and CA 15-3 (W=4721.5; Z=3.956; p=0.000), in comparison with patients with benign tumors.
Detailed review of pathohistological findings revealed that among the investigated patients, there were six types of benign diagnoses: simple ovarian cyst (36 pts), dermoidal ovarian cyst (19 pts), hemorrhagic ovarian cyst (5 pts), endometriotic ovarian cyst (17 pts), cystis corporis lutei (6 pts) and ovarian fibrotecoma (1 pts). This single case of fibrotecoma had to be excluded from further analyses. Descriptive statistical parameters for tumor marker levels and age of patients with benign tumors are shown on the Table 2 . The frequency of patients with benign tumors was significantly different (p<0.01).
We had statistically significantly more patients with simple ovarian cyst, dermoidal ovarian cyst and endometriotic ovarian cyst (χ2=9.084; df=2; p<0.01), while we had significantly less patients with hemorrhagic ovarian cyst and cystis corporis lutei (χ2=37.904; df=4; p=0.000). Levels of CA 125 were highly significantly different concerning the benign tumor diagnoses (KW χ2=50.112; df=4; p=0.000; F=40.486; df1=4; df2=78; p=0.000).
CA 125 values were significantly higher in patients who had endometriotic ovarian cyst than in patients with any other diagnosis. Levels of CA 19-9 were highly significantly different concerning the benign tumor diagnoses (KW χ2=14.510; df=4; p=0.006; F=4.509; df1=4; df2=78; p=0.002). The lowest levels of CA 19-9 were in patients with simple ovarian cyst. Concentrations of CA 15-3 were highly significantly different regarding the diagnoses of benign tumors (KW χ2=17.737; df=4; p=0.001; F=6.378; df1=4; df2=78; p=0.000). Levels of CA 15-3 were significantly lower in patients who had simple ovarian cyst in comparison with patients with all other diagnoses. Descriptive statistical parameters (mean + SD) for tumor markers regarding the stages of malignancy tumors are presented on the Table 4 . Serous adenocarcinoma was mainly diagnosed in the FIGO stage III, as well as serous papillary carcinoma. In contrast, mucinous adenocarcinoma was mostly detected in the stage I, while the tumors from the group called "other diagnoses" (dysgerminoma, granulosa cell tumor, clear cell adenocarcinoma, yolk sac tumor, atypically proliferating serous tumor) were, fortunately, all in the FIGO stage I in the time of their discovery. On the other hand, endometriotic adenocarcinoma and mixed malignant Muller's tumor, were diagnosed, almost equally in stages I, II and III. Except in patients with Krukenberg tumor, there were no cases of stage IV at the time of tumor diagnosis and treatment. Due to a small number of patients in different groups and stages no fur- PATIENT'S AGE AND CA 125 LEVEL RELATIONSHIP ther statistical analysis could have been done. There were 29 patients who had benign tumors and CA 125 higher than 35 IU/L. On the other hand, only one patient with malignant tumors had CA 125 less than 35 IU/L. CA 125 sensitivity was 97.87%, specificity was 65.48%, while the positive predictive value was (+PV) 61.33% and the negative predictive value was (-PV) 98.21%. There was only one patient who had false positive results of CA 19-9. However, there were 25 false negative cases of CA 19-9 values. Consequently, CA 19-9 sensitivity was 46.81%, specificity was 98.81%, whereas the positive predictive value was (+PV) 95.65% and the negative predictive value was (-PV) 76.85%. There was only one patient who had benign tumors and CEA higher than the maximal referral values. In contrast, 43 patients with malignant tumors had CEA in the referral interval. Accordingly, CEA sensitivity was 8.51%, specificity was 98.81%, positive predictive value was (+PV) 80% and the negative predictive value was (-PV) 65.87%. As far as the values of CA 15-3 are concerned, there were no positive findings among investigated women of both groups. Therefore, sensitivity, specificity and predictive values were not calculated for this tumor marker. Trash hold analysis for tumor markers and the age of patients of both groups together shows that the cut-off point for CA-125 was 101.6 (sensitivity 97.9%; specificity 96.4%), for 19-9 was 23.45 (sensitivity 72.3%; specificity 77.4%), for CEA 1.25 (sensitivity 66%; specificity 53.6%), for CA 15-3 was 18.6 (sensitivity 80.9%; specificity 52.4%), while for (Figure 1 ). Regarding the fact that CA 125 and patient's age showed significance in preoperative determination of the tumor type, further analyses were undertaken on these two parameters. For more appropriate data distribution two extreme CA 125 values were excluded from further calculations. The relationship of CA 125 levels and patients age was assessed and a highly significant correlation was determined (ρ=0.648; p=0.000) ( Figure 2 ). Furthermore, it can be observed that 55.3% of cases could be correctly evaluated using this comparison. Moreover, there was a visible difference in data distribution between benignant and malignant tumors (Figure 3 ). However, simple comparison of CA 125 levels and patient's age was not proven to be very reliable specially in determining benignant from malignant cases (22.34% of malignant cases and only 8.16% of benignant could be determined in this way). Obtaining these results led us to divide the patient's This score was highly statistically correlated with the tumor type (benignant/malignant) (ρ=0,755; p=0.000). Besides there were highly statistically significant differences in score values between benignant and malignant tumors (p=0.000). In addition ROC (receiver operator characteristic) curve was made for TMA score (Figure 4 ).
From this analysis, used for determining test accuracy and cut-off points, it could be concluded that the most appropriate cut off point for TMA score would be 2.0 with sensitivity of 94% and specificity of 90% (Table 5 ).
This meant that if TMA score was higher than two, the ovarian tumor was most likely of malignant nature. Patients might be considered to have intermediate malignancy risk with TMA score above 1.6 and almost no risk if levels were lower.
Finally, sensitivity of the TMA score according to the study results was 93.62%, specificity 88.1%, +PV 81.48%, while -PV was 96.1%. Very high sensitivity showed that TMA score could in most cases point out the positive -malignant findings, while satisfactory specificity meant that TMA score would usually disregard benignant tumors.
DISCUSSION
The prognosis of ovarian cancer is doubtful, mostly due to the late diagnosis with a very poor outcome in advanced stages. Prevention of the disease could improve that prognosis, but there is still no adequate screening test for ovarian cancer even though there are several screening trials going on 10 . In order to diagnose the disease we still rely on pelvic examination, transvaginal ultrasound and CA 125 assay 8, 11, 12 . Assessment for early detection of ovarian cancer can be achieved using tumor markers such as CEA, CA 19-9, CA 15-3 combined with CA 125 levels 8, 9 . Other tumor markers CA72-4, OVX1, M-CSF and most recently HE 4 should be respected for early detection of ovarian cancer as well 13, 14 . Current screening guidelines recommend the use of rectovaginal examination, pelvic or transvaginal ultrasound, and CA 125 serum levels in women at high risk. The study showed that combined multiple tumor markers can improve the overall diagnostic accuracy 8 . Concerning the fact that more severe consequences can occur if the malignant tumor is not recognized, higher sensitivity of the tested tumor marker is needed 15, 16 . Out of all investigated tumor markers only CA 125 had a high sensitivity, which makes it the best factor that, if increased, can preoperatively predict the malignant nature of the adnexal tumor. Moreover for CA 125 negative predictive level was higher, just as expected. CA 19-9 and CEA had higher specificity than sensitivity and higher positive than the negative predictive value. This means that, if concentrations of these tumor markers are in the referral interval, they can reliably imply that patients have benign tumors. Levels of CA 125 higher than the cut-off point of 101.6 and patients' age above the cutoff point of 45.5 years highly significantly imply on the malignancy of adnexal mass. According to our study, as well as literature data, none of the biomarkers displayed greater diagnostic performance than CA-125. The diagnostic efficiency of CA-125 in one cohort study (all FIGO stages) was 91.1% 17 , and in another one between 70 and 90% 18 . Levels of CA-125 may indicate the disease extent and therefore, the likelihood of successful cytoreductive surgery 19 . Also, we introduce new TMA score with high sensitivity and specificity.
CONCLUSIONS
With the increase of tumor marker levels and the patient's age, the malignant nature of adnexal tumors is more often. Regarding the achieved results, it can be advised that in women with adnexal masses levels of tumor markers CA 125 and CA 19-9 should always be analyzed. Those levels along with the patient's age could preoperatively predict malignant nature of the tumor. Using the TMA score can give additional data in preoperative tumor type evaluation, and especially if used together with RMI and other diagnostic methods has been confirmed of high importance in further clinical practice. The use of TMA score can prevent both under and over treatment. Further studies should be undertaken on this issue, but so far we 
